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ABSTRACT
6
Interactions of satellite-speed helium atoms with practical satellite
surfaces have been investig 'd experimentally. Spltial distributions of
%I
	 satellite-speed helium bet. , cattered 'rom four different engineering
surfaces were measured. The 7000 m/sec helium beams were produced using
an arc-heated supersonic molecular beam source. The test surfaces included
1, 1ned 6061-T6 aluminum plate, anodized aluminum foil, white paint and
quartz surfaces. Both in-plane (i.e., in the plane containing the inci-
dent beam and the surface normal) and out-of-plane spatial distribution;
=	 of reflected helium atoms were measured for six different incidence angles
(0 0 , 15 0 , 30 0 , 45 0 , 60°, and 75° from the surface normal). It was found
that a large ftaction of the incident Helium atoms were scattered back in
the vicinity of the incoming beam, particularly in the case of glancing
incidence angles. This unexpected scattering feature results perhaps from
the gross roughness of these test surfaces. This prominek:t backscattering
`	 could yield drag coefficients which are higher than for surfaces with
either forward-lobed or diffusive (cosine) scattering patterns.
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CHAPTER 1
INTRODUCTION
The aerodynamic drag experienced by an earth satellite in the upper
atmosphere can be . vestigated in a laboratory environment using an ultra-
,	 high vacuum system and the molecular beam technique. The desired informa-
tion `oncerning the momentum accommodation (therefcre, the drag coefticient)
can be extracted from the change in the molecular beam properties during
i	 the surface collision if the states of the incident beam and the scattered
beam (r.patial density distribution and speed distribution) are completely
determined. This ► eport presents results of the first part (i.e., the
spatial distributions) of a two-part experimental study of interactions of
satellite-speed helium atoms with satellite surfaces.
Scattering distributions of high-energy molecular b:ams from solid
surfaces have been measured by several authors (1-6). 'lowever, most of
these distributions were measured with relatively smooth single-crystal
metal surfaces and heavy inert atoms. Also, all these measurements were
confined to the plane of incidence. These measured scattering distributions
were single-lobed and peaked near the specular direction; the signal-to-
noise ratios were relatively large. In the case of s helium beam scattered
from a practical satellite surface, one would expect a relatively diffusive
scattering distribution and a relatively weak scattered-beam signal-to-noise
ratio.
In Chapter II, the experimental apparatus and procedures are described
briefly. Experimental results and related discussions cre given in Chapter
III.
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0CHAPTER II
EXPE:KIMENTAL APPAKA1'V AND PkOCEDbRES
S
The present experimental study was carried out in tloe UCLA Molecular-
Seam laboratory. The molecular beam system used for the present work has
been described in detail by Hays (71 ant' by Liu [8]. Hence it will be
described only briefly here. Figure II-1 shows a schematic diagram of the
molecular-beam system. The satellite-speed (7000 m/sec) helium beams were
generated by all 	 supersonic beam source developed by Young (9J.
The incident beam was collimated by a collimating orifice of 0.10-inch
diameter placed between the collimation chamber and the detection chamber.
The p ickle-plated detection chamber was pumped by a 10-inch oil-diffusion
pump and a liquid-nitrogen cryopump. The background pressure in the detec-
tion chamber was 1x10 -7 Torr (composed mostly of nitrogen and oxygen residual
gases) under normal operating conditions.
A new mechanism, shown in Figure 11-2, was constructed for facilitating
both in-plane and out-of-plane scattering-distribution measurements. This
	
^.,	 new mechanism includes (1) a target holder and its positioning mechanism and
(2) a detection rotating mechanism. The target holder can be rotated and
mo-ed vertically b y means of a gear controlled by external feed-throughs.
	
=	 This two-dimensional motion facilitates varying the incidence angle under
operational vacuum. Furthermore, with the target out of the beam path, the
incident beam can he easily detected by the mass spectrometer. The target
	
!	 positicn. g mechanism is mounted on a base ring which is fastened to the
detection chamber. The detector rotating mechanism consists of (1) a rotat-
ing ring, set on the base ring with three stainless steel balls riding in
oppoFing grooves and driven by a low-speed motor via a positive-drive belt;
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Figure II-2. Photograph of Target Assembly and Detector 5weepmg Mi-chamsm.
1
0and (2) a gear assembly faste..ed to the rotating :Ing and also driven by
a low-speed rwitor. The in-plane scattering (0 r ) of the detector is con-
s	 t rolled by Lite rotating ring whereas tit(- out-of-plane Krattcrin+ ,  an) , Iv (41)
Is controlled by Lite gear assembly. Two 10-turn potentiouK e ters were used
to indicate the angular positions of the detector.
The detector consists of a beam chopper, an electron-bombaramenc
ionizer, a 3-inch quadrupole mass filter, an electron multiplier, and an
electronic system as shown in Figure I[-3. The mass-spectrometer ionizer,
with a 0.09+-inch diameter inlet orifice, was placed 2 inches from tht,
target surface. The angular resolution was approximately 3° for this con-
figuration.
The test surfaces used in this study included (a) a cleaned 6061-T6
aluminum plate, (b) an anodized aluminum foil, (c) a white-pain:- surface
and (d) a quartz surface. These surfaces were samples of typical satellite
surfaces supplied by 11ASA. The aluminum foil and painted surfaces were
framed with thin stainless steel plates to minimize surface distortions.
All test surfaces were kept at room temperature throughout the experiments.
The scattering distributions for a helium ' -am impinging on a target
surface with a given incidence angle were obtained by rotating the detector
to a desired in-plane scattering angle (0 r ) and then sweeping the detector
through 90° of out-of-plane scattering angle (^). See 7igure II-4. The
reflected beam was first modulated by a chopper and then ionized and
detected by the mass-spectrometer; the resulting signal was preamplified by
a low-noise amplifier and then processed by a phase-sensitive lock-in ampli-
fier. Tile outputs of the detector positioning potentiometer and the lock-in
amplifier were recorded by an x-y recorder. The incident beam was characterized
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by a multi-dirk velocity filter befury
 and after each yet of scattering
measurements for a given incidence angle. The arc light from the arc-heated
supersonic beam scurce was used for in Situ determination of the incidence
angle.
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0CHAPTER II ►
RESULTS AND DISCUSSIONS1
Spatial distributions of a satellite-speed (7000 m/sec) helium beam
refle eO tram four different satellite surfaces (cleaned 6061-T6 aluminum
6	 plate, anodized aluminum foil, white paint and quartz surfaces) for six
different incidence angles (0% 15 ° 9 '')°, 45% 60° and 75° from the surface
normal) are shown in Figures III-1 to III-24. The center of the polar
6	 diagram corresponds to the point of impingement. The incident beam impinges
on the test surface (which coincides with the surface of the page) from the
bottom of the diagram with the given incidence angle measured from the sur-
face normal. The dashed lines at constant value of 0 indicate detector
r
paths (i.e. from 0 - 0° to ^ - 90°). The upper (0 r	 0°) and lower ( 0 r • 0°)
halves of the diagram represent the forward-;scattering and backward-scattering
g	 regions respectively. The sale of the signal amplitude is arbitrary but
self-consistent for each plot. The overall decrease of the signal amplitude
in the case of large incidence angle (e.g., 0 1 : 60°) is due probably to the
fact that a portion of the incident beam (with finite width) misses the target
(also with finite width) at glancing incidence angles. Fortunately, this
discrepancy will not alter the conclusions and the value of the present results.
As indicated by these plots, the general features of the scattering
distributions are similar for all four surfaces tested. The scattering dis-
tributions for the normal-incidence case are symmetrical (as expected). As
the incidence ankle increases toward the surface tangent, the peak of the
scattering distribution shifts toward the backward scattering region. This
unexpected scattering feature is in contrast with those obtained from well-
defined Smooth single-crystal surfaces. This large fraction of backscattering
9
i
0
^ C
75
60
45
30
15
0 ff r
-15
SYMBOL DENSITY
(ARBITRARY UNITS)
p 3.5
-45	 Q 3.0
• 2.5
O 2.0
-60	 O 1.5
75 1.0
• 0.5
30
0i=00
Figure III-1. Polar Plot of Scattered Beam Density Distribution for 70JO rn/sec
Helium Beam Scr.ttered from Cleaned 6061 T6 Aluminum Plate
at O o Incidence Angle
10
r
1
i	
f
75
90
s'r
75
90
I
0
4'^
0
75
60
45
30
0 = 15°
15
0	 Of
15
30 SYMBOL DENSITY
(ARBITRARY UNITS)
v 3.5
-45 3.0
Q 2.5
-60 El 2.0
O 1.5
-75 0 1.0
0.5
Figure 1112. Polar Plot of Scattered Beam Density Distribution for 7000m/sec
Helium Beam Scattered from Cleaned 6061 T6 Aluminum Plate
at 150 Ircudence Anqle.
t^
1
11
30
15
0	 Or
15
0 i - 30"
30
SYMBOL DENSITY
(ARBITRARY UNITS)
-45 3.0Q 2.5
q 2.0
-60	 O 1.5
A 1.0
-75	
• 0.5
7E
90
F
.r
1
1 
i 
0
30
75
/
60
45 I 45 i
Figure III-3. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scatterec' from Cleaned 6061 T6 Aluminum Plate
at 300 Incidence !Angle.
I
	 12
r
075
60
45
30
15
0	 t) r
15
0 i = 45°
30
SYMBOL DENSITY
(ARBITRARY UNITS)
4.0
45	 p 3.5
♦ 3.0
2.560	 q 2.0
75	 O 1.5
1.0
• 0.5
90
7E
P
w^
a
i
Figure lil-4. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Cleaned 6061 T6 Aluminum Plate
at 46 0 Incidence Angle.
13
is
I i.
7E
90
0
.1110--^
0
75
60
45
30
15
0	 fl
r
15
30
0i = 60°
SYMBOL DENSITY
(ARBITRARY UNITS)
♦ 5.01	 I -45 4.5\
n 4.0
O
 3.5
` 60 O 3.0
` .75 2.5
p 2.0
O 1.5
1.0
• 0.5
Figure III-5.	 Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Cleaned 6061 T6 Aluminum Plate
at 600 Incrdeoce Angle.
14
— Z.--— —
z90
t• I
75
s
	
4
0
75
60
45
30
fl i - 75°
15
0	 Or
15
30
SYMBOL	 DENSITY
(ARBITRARY UNITS)
4.5
45	 n 	 4.0
p	 3.5
♦ 	 3.0
60 Q	 2.5
75	 O	 2.0
O	 1.5
1-0
•	 0.5
Figure III 6
	
	 Polar Plot of Scattered Beam Density Distribution for 7000 misec
Nnlium Beam Scattered from Cleaned 6061-T6 Aluminum Plate
,it 1"' , lilvid.'nit, AmIle
1 -- 15
I
0s
0
75
60
45
75
30
0i=0°
15
90 0	 I N 
15	 1
..
?0\ I SYMBOL DENSITY
\
I
(ARBITRARY UNITS)
5.0\\ I 45 4.5A
4.0
3.560
v 3.0
'-' 75	 • 2.5O 2.0
q 1.5
O 1.0
• 0.5
Figure III-7.	 Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Anodized Aluminum Foil at 00
incidence Angle
16
Milk _
t	 !
'r	
A
f
i
1
1
0
75
60
45
30
() i = 150
1J
0	 Ur
15
-30\ I SYMBOL DENSITYI
(ARBITRARY UNITS)
5.0
\\ I -45	 n 4.5
♦ 4.0
60 3.5p 3.0
75 2.5
O 2.0
O 1.5
O 1.0
• 0.5
Figure III 8	 Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Anodized Aluminum Foil et 150
Incidence Angle.
e
7E
90
i
V#	 17
l
) u
1^ 0
75
60
r^
75
90
45
30
15
0
r
15
30
111.300
\ I SYMBOL DENSITY
\
I
(ARBITRARY UNITS)
5.0
\\ -45	 n 4.5
A 4.0
♦ 3.5\ 60	 0 3.0
` •75	 0 2.5O 2.0
q 1.5
.^ 1.0
• 0.5
Figure III . 9.	 Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Anodized Aluminum Foil at 300
Incidence Angle.
18
S^
^ti 0
76
60
4'
30
15
0j = 450
7E
^s
090 Or
s r,
i
15
30 SYMBOL DENSITY
(ARBITRARY UNITS)
• 4.0
.45
	 n 3.5
p 3.0
-60	 G 2.5
O 2.J
-75	 q 1.5
1.0
• 0.5
4 
Figure III- 1 0, Polar Plot -if Scattered-Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Anodized Aluminum Foil at 450
Incidence Angle.
19
i
a
f
fa
90
75
0
75
60
45
30
0 = 60°
15
0	 U^
i
15
ii
30
SYMBOL	 DEWITY
(ARBITRARY UNITS)
S	 3.5
45	 p	 3.0
0	 2.5
60	 O	 2.0q 	 1.5
75	 1.0
•	 0.5
1
Figure 111 11. Polar Plot of Scattered-Beam Density Distribution for 7000 m/sec
Helium Ream Scattered trorn Anodized Aluminum Foil at 600
Incidence Angle.
20
r
1
075
60
45
30
0i = 750
15
0	 r
—15
30
SYMBOL	 DENSITY
(ARBITRARY UNITS)
0	 2.0
—45 D	 1.5
1.0
F0	 •	 0.5
—75
`sI
I.
vti
I
la
!3
75
I
90
Sure 111 12. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Anodized Aluminum Foil at 750
Incidence Angle-
45
30
0i=0°
15
0	 Or
-15
-30
SYMBOL DENSITY
(ARBITRARY UNITS)
3.5
-45 Q 3.0
Q 2.5
-60	 0 2.0
0 1.5
-75 1.0
• 0.5
75
x
f
r
90
n
t
E
M
1
^i
1
15	 0
r 75
30
^	 60
1	 i
d^
i
6
Figure 11113. Polar Plot of Scattered-Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from White Paint Surface at Oo Incidence
Angle,
22
90
75
sG	 0
75
60
45
30
(/ j = 150
15
0	 Or
15
30
SYMBOL	 DENSITY
(ARBITRARY UNITS)
45	 n 	
3.5
p	 3.0
2.5
60	 O	 2.0
O	 1.5
75	 1.0
•	 0.5
Figure III . 14. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from White Paint Surface at 15 0 Incidence
Angle.
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Fiqure 11115. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from White Paint Surface at 30 0 Incidence
Angle
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Figure III-16. Polar Plot of Scattered-Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from White Paint Surface at 45 0 Incidence
Angle,
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Figure 11117. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from White Paint Surface at 600 Incidence
Angle.
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Figure 111-18. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from White Paint Surface at 75 0 Incidence
Angle.
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Figure 11119. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Quartz Surface at O o Incidence Angle
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Figure 11120. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Quartz Surface at 15 0 Incidence Angle.
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Figure III-21,	 Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Quartz Surface at 300 Incidence Angle.
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Figure III 22.
	
Polar Plot of Scattered-Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Quartz Surface at 450 Incidence Angle_
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Figure III-23. Polar Plot of Scattered Beam Density Distribution for 7000 m/sec
Helium Beam Scattered from Quarti Surface at 60 0 Incidence Angle.
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Figure If 1-24. Polar Plot of Scattered-Beam Density Distribution for 7000 rr.hec
Helium Bearn Scattered from Quartz Surface at 75 0 Incidence Angle.
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could be due to the gross surface roughness of these satellite surfaces.
Furthermore, it a large fraction of incoming i.elium atoms are scattered
1 ;	 back with momentum in t!: , direction opposite to the incident-beam momentum,
then the drag for these satellite surfaces may be relatively high.
wl,.n tha	 inns 'V-mnnta	 horn nr nr.m ►.Inn.l
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